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Sun-Earth Connection

Geospace Flecirodynamic Connections ((GIEE) VIission

IMAGE (remote sensing)
ISTP, FAST (in situ)

magnetospheric response
to flow of energy, mass,
mamentum from Sun

GEC (in situ) N TIMED (remote sensing)

electrodynamic coupling of response of Earth's
ionosphere-magnetosphere- atmosphere to energy
atmosphere system (space/ and momentum inputs
time resolved) from abowve




Lower lonosphere Thermosphere

General Importance

The dissipation of magnetosphere energy
is manifest in the appearance of aurora.

Charged particle distributions contain
irregularities that can disrupt
navigation and communication signals

Horizontal closure currents induce
electric fields and currents at the
Earth’s surface

Neutral atmosphere perturbations
affect the orbits of small and large
vehicles




GEC’S GOAL:
ANSWER 3 QUESTIONS

e How does ionosphere-thermosphere system
respond to and dynamically affect
magnetosphere-ionosphere coupling?

«How are ion and neutral motions coupled
through the global ionospheric wind dynamo?

«How does the ionosphere-thermosphere system
provide closure paths for field-aligned currents?



Electrodynamic Connections Can Become Uncorrelated in One Orbit
NASA Dynamics Explorer Mission(Early 1980)

DE-2 could measure many of the
electrodynamic connection parameters
and the ionosphere-thermosphere state But

90 minutes later, the next DE-2 orbit,
these parameters were
UNCORRELATED.

Dynamics Explorer-B ... 11:27 UT

: 09:56 UT DAY 82147
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MLT 18:00 hrs 0600 hrs
First ORBIT i1s Red Trace

Second ORBIT is Blue Trace

These Data are Completely Space-Time Ambiguous




RELEVANT IONOSPHERE AND THERMOSPHERE
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Time scales: seconds to days; spatial scales: kilometers to global.



NCAR TIEGCM - 11 January Geomagnetic Storm
GLOBAL AND REGIONAL

MODELS OF IONOSPHERE- 1200 UT
THERMOSPHERE EXIST

1200 UT

But

Primary weather inputs of Joule and
Frictional Heating are uncertain to factors of
2 or more

1300 UT

Because

We do not know the critical spatial or
temporal scales for efficient energy transfer
between the magnetosphere, ionosphere,
thermosphere.

GEC will provide the
answer

Input Joule Heating T Increase @300 km



RELEVANT GEOSPACE ELECTRODYNAMIC

SCALES
Latitude IDIIEIIID:III

Auroral arc dynamics
Psuedo-breakups
Substorms

Storms
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Characteristic spatial scales are less than 1 km and global and time
scales are less than a second to days.




STRATEGIC OBJECTIVES

1. Measure and investigate electrodynamic
processes in the ITM system including a detailed
investigation of the important temporal and
spatial scales for E-M energy transfer and
energy distribution.

2. Determine the cross-scale coupling processes
that influence the interaction of the ionosphere-
atmosphere system with the magnetosphere.



Altitude Variation of Pedersen Current

Ion Vectors (white) and Pedersen
Conductivity (background colors)
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Median Altitude for Pedersen Current Closure is ~130 km
- GEC’s Targeted Altitude.



At 130 km, the Ionosphere Can
Already Be Structured!!

Metallic ion layers - meteoritic debris foorms
Extremely narrow moving ionospheric layers

Ionosphere Thermosphere State Variable

Electron Density

Ion Composition

Neutral Density

Neutral Composition

Ion and Neutral Temperature

Electrodynamic and Thermospheric Fields

Electric Field Vector
Magnetic Field Vector

What Must GEC Measure*

Arecibo Observatory Cogui Il 800 m resolution power profiles for March 31, 1998

Altitude (km)

21.24 22.60 23.96 23.31 26.67 28.03

(AST= UT-4)
Neutral Wind Vector
e = 2 Auwroral Precipitation
0.0 0.5 1.0 1.5 2.0
Electrons

Plasma Freouencv (MHz)

Ionospheric electron density is color coded with Ions
blue being lowest and red highest density

*These must all be sampled simultaneously in the
same region of space with similar precision.




Mission Capabilities

 Four identical spacecraft: 83 inclination; 185 X 2000 km parking
orbits; 326 kg of fuel per s/c for “dipping” campaigns below 130km.

* In situ sensors measure all relevant ionosphere/thermosphere
parameters and use 4 s/c to separate time/space variations.

Altitude {(km)

Arecibo Observatory Coqui 1l 800 m resolution power profiles for March 31, 1998

21.24 22 60 23.96 25.31 26.67 28.03
(AST= UT-4)



GEC’S FOUR SPACECRAFT
MULTIPLE SCALE MEASUREMENTS

Satellites Spacings
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Pearls-on-a-string configuration with uneven spacing obtains information
on many time/spatial scales.



MULTIPLE SATELLITE CONCEPTS

e The GEC mission plans to fly four spacecraft in formation, with
all s/c periodically dipping to 130 km during planned campaigns

o Several formations have been discussed for GEC

— ‘String of Pearls’ - s/c fly in formation in same orbit
at varying distances

— ‘Petal’ - s/c perigees are staggered in latitude.
Individual s/c are phased in their orbits to obtain
altitude profiles.

— LLocal Time separations - one s/c orbit is staggered
in local time relative to the other three s/c

o These configurations require maneuvers to establish
and maintain the formation - in addition to performing
dipping campaigns



GEC ORBIT CONFIGURATIONS

PEARLS-ON-A-STRING
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Atmosphere Explorer C Eccentric Orbit Perigees

ALTITUDE (km)
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Perigee Latitude vs Local Time Dipping Campaigns in
purple
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Solar Local Time



Perigee Latitude
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Dipping Campaigns in purple with
Perigee Latitude LT's of -beginning -(highest lat.) -
endina of dipnina camnaians.
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DIPPING CAMPAIGNS TO 130 KM



DESIGNED TO OVERCOME DRAG AND ELECTROMAGNETIC
DISTURBANCE

| TIGHTER VIEW SHOWING MORE DETAILS
| OF THE SPACECRAFT
(booms have been cut-off)

E-Field Booms (6) Velocity Vector
10 m | \

Nadir
\ T In Situ
\.\ Neutral/Plasma
) Magnetometer Detectors

Cylindrical Shape, Rounded Front Face
Body-mounted Solar Arrays

E&M Field Instruments on Deployable Booms

Large Propellant Tanks




GEC COMPONENT LAYOUT

Spacecraft Mounting Deck
(most of the spacecraft subsystei
are mounted here)

Magnetometer Thruster Assembly Reaction Wheel

E-Field Antenna

Electronics (5) Battery S-Band

Star Tracker» @, E-Field Antenna Deployment
= o ( 5)

11m(28”°) dia.Propulsion
Tank (2)

Strong Ring connects to
Cruciform

Energetic Particle Dete\ct:r

Langmuir Probe

Ram Instruments:
Ion Velocity Meter
Ion Mass Spectrometer
Note! Spacecraft body has been Neutral Mass Spectrometer

removed for clarity Neutral Wind Meter




MULTI- SPACECRAFT LAUNCH PACKAGING

DELTA 7920H-10 Baseline

1.1 M DIA. X 2 M LONG




New Technologies

Light-weight booms

Integrated Power & ACS
(magnetically suspended
flywheel energy storage)

Low drag, low
aerodynamic torque
spacecraft design

Trim Tabs

®
‘\\ MEMS neutral
e wind detector

Conductive materials
for high T, atomic O

. Electrostatically clean solar
environments

arrays

Variable emittance
thermal coatings

Also:
—Formation flying technigues/ground system control
—Real time coordination of s/c and ground radar measurements



GEC In-Guide Schedule

120 Million (USA $) Implementation

FY98 FY99 FYO00 FY 01 FY 02 FYO03 FY 04 FYO05 FYO06 FYO07 FY 08 FYO09
Q4|Q1234|Q1 234|Q1234|Q1234| Q1234| Q1234| Q1234|Q1234|Q1234|Q1234| Q12|
| | | | | | | | | | | |

Investigations N

Retease —Sefection

AO/RFP “

Formulation I

Implementation YV start c/D

Development I

1&T L ]
Launch Preps. I

Accelerated nguide
Launch vLazunch VILaunch




Summary

o GEC will help to bring closure to
our understanding of the inseparable
role the thin electrically conducting
region at the top of our atmosphere
plays in the coupling of solar wind
energy, through the magnetosphere
down to the upper atmosphere.

TIMED
iy .T_Elgl

oMultiple dipping s/c are used,
otherwise the broad range of
coupled, spatial and ternporal scale
processes would not be resolvable.

+GEC’s focus is on a needed piece
of the Sun-Earth Connection puzzle,
complementing ISTP, MMS, IMAGE,
isaidbll  2nd TIMED missions.

Multiscale




